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Abstract

In order to study the effect of salinity and drought stress on germination and Seedling growth and fitness model hydrotime and threshold
tolerance to salinity in two different species Basil, a factorial experiment in a completely randomized design was conducted at University of
Mohaghegh Ardebili in 2015. Experimental treatments included were two species of basil (Purple basil and Red basil), different salts
(Manitol, NaCHK,SO;, K>SO, and NaCl) and different potentials (0, -3, -6 and -9 bar). Model output result showed, germination rate in
drought stress coundition on Red basil (0= 37.32) highest than Purple Basil (0= 37.32) and uniformity of germination in purple basil
(oy=3.37) less than Red basil (oy,-1.44). Also Red basil higher tolerance drought compared with Purple basil. Threshold tolerance to salinity
in germination stage showed, in Purple Basil at NaCl, K,SO, and NaCl+K,SO, had threshold tolerance -0.59, -0.13 and -0.87 bar and in Red
Basil equle -0.31, -0.25 and -2.88 recpectively. Salinity and drought stress were causing reduced in the seedling growth and seed vigor index.
The most (0.92) and least (0.78) on the use of the reserves in the case of purple basil of NaCl and NaCl + K,SOs, respectively, was observed
at the same time. This is while that, the highest use of the reserves (0.91) on the red basil K,SO, salt and least amount (0.49) was obtained
application of NaCl. The highest vigor weight index of purple basil was observed of zero osmotic potential. The least weight index purple
basil was obtained of the potential -9 bar Mannitol. Generally, it was observed the red basil in compared with purple basil, had more of
tolerance and sodium chloride and potassium sulfate treatment combination had the greatest had an effect on the traits that indicate the
effects of the toxicity of these salts in comparison to their the effects of osmotic them.
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43 50 Jlax CJJGMJJJ‘J&&ALJ'J&&A!}?.G%;Qikik)ikgns

ns, * and **: No significant, significant at %5 and %1 level of probability, respectively
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Table 2- Comparison main effects of Species, salt and concentration on the germination indexes of Basil

s S8 s sl oS o8l Lo y3 0 0L
s e SO (el s ) (cel) (sl
Germination L . . .
Treatment level precentage Germination rate Uniformity of Time 50 %
(seed per hour) germination(hour)  germination (hour)
250 Olow
£ P“‘; “’b "’,1 88.58" 0.025" 48.87° 38.6°
@ urple basi
Species e 82.54° 0.025° 62.78° 39.97°
Red basil
o L
V‘"N CI’K 84.25° 0.025%® 58.86" 39.21%
al
b oW
e = 84.08" 0.026° 63.14° 38.67%
i K,SO,4
b oW KWIRY
salt ooty S e 5 89.3° 0.026" 40.54° 37.86
NaCl+ KQSO4
d}l:al.n b b a a
84.58 0.024 60.75 41.39
Manitol
0 93.6° 0.026° 59.10° 38.53°
(L) iy
>t J‘“‘ : 3 85.0° 0.026° 54.06° 38.51°
Potential -6 83.5 0.0256™ 58.1° 41.06°
(bar) 9 80.1° 0.0250° 51.3° 39.04°

WEREYA CEMJ:LSD Oan 3T (6 )la gma oDl 5 g g Aims OLaS o slize o

Different letters indicate a significant difference between the LSD tests at 5% level

Ss g T 2SS LA AL Sl
AU G Sl ST Jedly (ralS Ss 4
.(Kaboli and Sadegi., 2002) > & oo Cad g0 L 5 033
33O e 05,8 sgdos b alm gy 53 eSS
3505 3) (AL Dlido o b 5 (G jaml J) o s
LS e g pmed e 555 03 (G 5D O g
o (6, 9 p—zmen (Almansouri et al., 2001)
Sl S5 e 3Lzl 5 ST OT iy alS
23 503,8 sl Pt 55 ol (& Sl o sy

Bher S8l A o il

Rebs Ol Jue
88 9355k il Gln sy Ol Je s
F st o el Joily Cadies 7 gbow 53 Ol
Lo 300 (sl sl il yslie .ol ol 4l
Gl Jomedly 31 elow s Ol (P (50)) (55540 s

o33 (S8l Ao Jeuily cpl ) maST ol 5 oS

5 S 5 el 0l 5 s Slalllas s

23 (30l Ao yd 5 L 53 SEalS e (65 50
Sl o (SN A e 5 oS 5 4315 O
3l o yd 5 ey (kA e 3 (5550 4
.(Beromandzadeh and Kocheki, 2005) c_ils
33 3+ (Chauhan et al., 2006) oI ,LSes 5 Ola o>
J s 487 Al 53 &S S 59dn 95 = (o
il ¥ s le dr spus B L i IS
533l S2alS w300 Olme a1y oLE ol s
o rinrs o3 B 6 6o sh B 5 Ko alesT
oW W PRI IR Vg vy PE S W B ey
S Sosban D3 Al el Ay 55k O
S g 58 g (G5 (o3 Y VL 6558 e 5o
S8l 6l ol 5L T (Javadi ez al., 2014) 4
3 eslizal 5 JUES! e o clags 5T Cleb S o7 o

A 51 a8 O il o8 a .l 03Y (glo 3 510
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SY/AY il Oy 53 5 JSKLL = /AP Ll e 3 «S slsj cpl sl (Bradford and Still, 2004)
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Table 3- Comparison effects of Species and salt on the germination index seed of basil

e 38 e Sl S
z 4l o> >
g i T (Csle s 4l 5) (cel)
Speci It Germination T . . o
pecies sa precentage Germination rate Uniformity of germination
(seed per hour) (hour)
it A 87.33% 0.025" 62.23%
NaCl
= by ol
T g T 87.50 0.026™ 56.64%°
5 o K;S0,
e s ool L
’i) ) ooy S e 5 88.83° 0.027° 33.08°
& NaCl+ K»SO,
Jsle
. 90.66" 0.025" 43.53%
Manitol
et A 81.16" 0.026® 55.50
NaCl
L oW
73 e 80.66" 0.026% 69.65%
3 2 K280,
g b oW A b
S/ ey Mt S 89.83° 0.026® 47.99"
NaCl+ K»SO,
Jsle
. 78.50° 0.024° 77.98°
Manitol

.MJADCEM)ALSD o}.ﬂ‘_;)\:suuJ)’b‘-\:ﬁ-}m:ow@,wﬂa,f

Different letters indicate a significant difference between the LSD tests at 5% level

Sz 53 0l oty 155 s O3l Oy S B o ) 800 (512 0l Josley Win(s0) Jol (s Ole dole ol 5 F st
ol promeas ST e i IAIC ¢ s o R (sl SIS K ) by 0o O
Table 4- Hydrotime model parameters from the three studied plants. 0y is the hydro time constant (MPa h);

Wu(so) Was the 50 percent germination base water potential (MPa); standard deviation of base water potential
distribution in the population (c,,); R Square (R?); Akaike Information Cciterion (AIC)

e sl 2oy R Ol P
Parameters model Purple basil Red basil

O 55 sl (g305T ar s 105 105

Oy 106.20 37.32

Gyb 3.37 1.44

Py s0) 2,91 -0.84

R’ 0.264 0.337

AIC 73.39 57.63

AlCc 73.59 57.83

Ai 20.57 4.81
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Fig 3- Germination percent observed values versus predicted values form hydro time model.
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Table 5- Model parameters of Mass and Hoffmann (Y = 100 - B (EC - A))
in germination percentage in any salinity in species Basil.
B = slope of the regression equation and the percentage of reduced A = threshold tolerance on salinity.

R O POl
b bl Purple basil Red basil
Parameters e LT el Sl el O e oy e LT el O el DU g a4 IS
NaCl K,SO, NaCl+ K,SO4 NaCl K,SO, NaCl+ K,SO,
a 98.47 99.27 96.40 99.13 98.60 105.80
B (%) -0.878 -0.430 -0.435 -1.118 -0.491 -0.725
A (bar) -0.59 -0.13 -0.87 -0.31 -0.25 -2.88
R? 0.929 0.945 0.600 0.981 0.957 0.988
R 0.964 0.972 0.775 0.991 0.978 0.994
AIC 15.41 14.84 18.13 13.87 14.85 11.91
AlCc 0.41 -0.16 3.13 -1.13 -0.15 -3.09
Al 1.54 0.97 4.26 0.00 0.98 -1.96
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Figure 5- The model of Mss and Hoffmann (Y = 100 - B (EC — A)) on germination percentages in different salinity.
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Table 6- Analysis variance of effect type and concentration on seedling growth indexes basil species.

(Means squre) Sl o 5:5ke

5 ol S s s
= A?)}_ arady, dsb wrale b il oK 05 oty ; &5 033 el oSes 055
SOV &l Radical length Hypocotyl length Hypocotyl dry Radical dry weight ~ Seedling dry weight
Df Y weight
¢ i 1 11.52" 0.17™ 0.07" 0.031" 0.005"™
Species
3 8.51 431 0.07 0.0003™ 0.08
Salt
cble o o o * ok
) 3 5.5 16.92 0.07 0.015 0.10
Concentration
Saix 48 .
3 1.32™ 0.61™ 0.01™ 0.014 0.04™
(SpxS)
chlex 68 ! .
3 1.31™ 0.40™ 0.02™ 0.011™ 0.003™
SpxC)
;‘Jél&—x &J ok ok * S ok
9 2.70 2.77 0.02 0.007™ 0.061
(SxC)
Clilex Saix 48 .
.86™ 0.48™ 001™ 0.010™ 0.05
(SpxSxC) ? 0-86
2oL 3T ols!
i 64 0.77 0.41 0.010 0.005 0.023
(Error)
N - 18.07 18.66 22.66 9.41 21.04
(CV%) ' ' ' ' '

43 50 Jlax Cjaszjl:g;-u Qs gae b 5 4wk g% IS
ns, * and **: No significant, significant at %5 and %1 level of probability, respectively
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Table 7-Analysis variance of effect type and concentration on vigour index and Reserves efficiency basil species

(Means squre) Sl o 5:5ke

SOV REBIRESE R3O0 23 b )':\’-AW Syl Jsb e ls S, gy et le
o Df SRUR SRUE FMOB Length vigor index Weight vigor index
¢ i 1 0.39” 033" 0.040™ 20.77" 0.009™

Species
3 0.092 0.11 0.18 14.75 0.083
salt
) 3 0.64 0.39 1.43 55.03 0.21
Concentration
Saix i - - . .
3 0.088 0.060™ 0.19 5.20 0.068
(SpxS)
S ; :
3 0.11 0.081™ 0.16 0.83™ 0.005™

SpxC)

;‘Jél}—x &J * ok ok
9 0.042 0.031™ 0.08™ 4.72 0.05

(SxC)

Chlex oSaox 4 8 . .
9 0.038™ 0.030™ 0.08 1.40™ 0.046
(SpxSxC)

2oL 3T ols!

R 64 0.019 0.023 0.04 1.30 0.017
(Error)
Tt - 28.98 29.49 29.51 15.95 21.85

(CV%) ' ' ’ ' '

43 50 Jlax Cjaszjl:g;-u Q3 gae & 5 4 sk g% IS
ns, * and **: No significant, significant at %5 and %1 level of probability, respectively
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Table 8- Comparison of the mean effects of salt and concentration seedling growth and seed vigor index seed of basil

Sasogy Saxojy a0 B
e Jdb %4—“».) dsb eale ol wrady, ol A0 aE LS e e o,k &y
Treatment Radical ~ Hypocoty Hypocoty Radical ~ Seedling SRUR SRUE FMOB Length  Weight
length llength ldry dry dry vigor vigour
weight wright weight index index
s 5w
e '). 5.20a 3.37a 0.42b 0.27a 0.69a 0.86a 0.79b 2.95a 7.62a 0.61a
Purple basil
77 > 4.52b 3.46a 0.48a 0.23b 0.71a 0.69b 2.69a 1.05b 6.69b 0.59a
Red basil
e A 54la 3.36b 0.46a 0.25a 0.71ab 0.71bc 2.87a 1.84a 7.43a 0.59b
NacCl
by ol
e 4.77b 3.90a 0.47a 0.25a 0.73a 0.85b 1.19bc 2.17a 7.34a 0.61ab
K,SO4
W g+ b oy IS
ol 5.21ab 3.52b 0.50a 0.26a 0.76a 0.66¢ 2.24ab 1.70a 7.83a 0.68a
NaCH KzSO4
- Lﬂ
Jr‘f 4.06¢ 2.88¢c 0.37b 0.24a 0.62b 0.88a 1.02¢ 2.31a 6.02b 0.54b
Manitol
0 5.20a 4.27a 0.53a 0.25ab 0.78a 1.33a 0.64b 5.76a 8.88a 0.73a
3 5.14a 3.93a 0.43b 0.25ab 0.68bc 0.84b 4.06a 5.95b 7.72b 0.59b
-6 4.96a 3.02b 0.43b 0.29a 0.72ab 0.62b 1.94a 0.74b 6.68¢ 0.60b
-9 4.16b 2.44c 0.42b 0.21b 0.63¢ 0.52b 2.68a 0.56b 5.32d 0.51c

e S 028 4 b S (8 = oK 055 el = il s ety b
RWPTY CLNJ:LSD Q}ajT‘SJ‘:‘sL’u oDl 3 g g s OLAS Soglate 29 >

Root length and stem length= centimeter, Dry weight= germ, Performance of reserves= g. seed
Different letters indicate a significant difference between the LSD tests at 5% level.

Ol 5y & )8 (sla a5 alS ) e sy Sl 5 oS 68 D1 o 80ke alia -4 Jger
Table 9- Comparison of the mean of effects of salt and concentration on seedling growth and seed vigor
indexes seed of basil

<f oS b}:«;ﬁ 838 5 e S5 e ?»;}f ua,u ;i].u i‘:‘tj Jbu
. adica I'y cn VlgOr elg VlgOr
Species salt weight SRUR FMOB index index
e A 026ab 0.92a 1.17b 7.94a 0.62ab
NaCl
= L oW
- e 0.26ab 0.80ab 0.86b 7.72a 0.61ab
i 2 K,SO;
a2 s ool
i) I el el 0.26ab 0.78ab 0.86b 7.75a 0.63ab
= NaCl+ K,SO0,
Jsslo
. 0.32a 0.95a 1.31b 7.07a 0.62ab
Manitol
e A 0.24ab 0.49¢ 251a 6.92a 0.58bc
NaCl
L oW
7z e = 0.25ab 0.91a 3.48a 6.95a 0.61ab
3 2 K;S0,
N3 by ol
N S el 0.25ab 0.55bc 2.54a 7.92a 0.74a
NaCl+ K,SO,
Jsslo
- 0.18b 0.83ab 331a 4.98b 0.47¢c
Manitol

WY CLNJ:LSD Q}ajT‘SJ‘:‘sL’u oDl 3 g g s OLAS Soglate 29 >

Different letters indicate a significant difference between the LSD tests at 5% level.
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Table 10- Comparison of the mean effects of salt and concentration on seedling growth and seed vigor
indexes seed basil

£ = < <

o = ;) 2 5 a3 P 3 g ]

.S 3, EJJ Y 5 = ) “3’ % {1) R=| Qi) .8

+~ = . . [ —

- 3 22 33z 4fF 4z 285 2F 4B
Sal s 73 4% Yz 2% o183 3E 5
5 LSS} LS 3 O = » 2 £ 3 =

< o . Q . ) o oSOBD

3 & S bog s S S

& = 3 s =

0 5.20bc 4.38a 0.53a 0.79bc 1.33a 9.06a 0.74c-e

o LIS -3 5.15bc 3.76¢ 0.39¢d 0.59% 0.46ef 7.40cd 0.49¢
NaCl -6 6.54a 2.90ef 0.45bc 0.79bc 0.56d-f 7.71bc 0.64c-¢
-9 4.74c-¢ 2.40g 0.45bc 0.67de 0.48ef 5.54f 0.52¢g

0 5.20bc 4.23ab 0.53a 0.79bc 1.33a 8.84a 0.73a-c

ety ) g -3 5.55b 3.68cd 0.40cd 0.62de 0.64c-¢ 7.63bc 0.51g
K,SO, -6 4.19ef 3.99a-c 0.50ab 0.82ab 0.70cd 6.74de 0.67b-d
-9 4.16ef 3.71cd 0.44bc 0.67de 0.75¢cd 6.50e 0.53fg

0 5.20bc 4.23ab 0.53a 0.79bc 1.33a 8.81a 0.73a-c

o ;Jujyﬂ,_:,u Nty -3 5.35bc 3.92bc 0.57a 0.90a 0.47ef 8.27ab 0.81a
NaCl+ K,SO4 -6 5.26bc 3.29de 0.42¢ 0.65de 0.44ef 7.55bc 0.57e-g
-9 5.05b-d 2.65fg 0.50ab 0.71cd 0.41f 6.70de 0.62d-f

0 5.20bc 4.23ab 0.53a 0.78bc 1.33a 8.83a 0.74ab

Jssle -3 4.52de 4.39a 0.38cd 0.64de 1.01b 7.60bc 0.55e-g
Manitol -6 3.86f 1.11h 0.33de 0.62de 0.77c 4.74f 0.52¢g
-9 2.68¢g 0.9%h 0.27¢ A5f 0.44ef 2.92¢g 0.35h

WEREYA CEMJ:LSD Q}ajT Sol3 sme oMl 3 g 5 ms OLaS o glate (o9 >~
Different letters indicate a significant difference between the LSD tests at 5% level.
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035 (I s AT o 5 (SO 58 S
BV 51 (SC sl e s 4t g Ak AS) LRl ulg
ST e ol (0 Ll d s serady; sk 215
ol el s s sl ol aS Conl Sial e g
Cal 58l g 5 Jo 13 5o (S plie sl Jled
Sl axaslu 5 axais y J4b .(El-Sharkawi, et al., 1989)

L;_lj_::);u_;)'olﬁ&f);;ijduub-m

5@l slaplhll as, SalS e (55 AT

SS9y i s (Ghoulam et al., 2002) > 45 0 4l
Jsb ol (6,50 3Iul Slis o 53 (wde slacs 55
352 3055 1 A 4 S (6 e Sl Sl e il
(GRSl s gl Job el slacde 1 (S
Wl e a1 e sl e JUil pde b 2alS
A Ll s 5k b g OT o RalS el oDl
s 53 5 e 5T b 5 0 gy 50 i 5 2l sl
sybn (amaciy s 5 4z ala) 4zl A5 )3 IO
oaie O 835 p silesT 53 (Kafi et al., 2009)
e FE PR Tt N A PR W I PR g



0L 5 iseiler

s gme 3l Q;Mtwﬁwﬁ&,m;
O 3550 53 68 53 Sl 31 5Kk dug e (Y ) L
3 (08 e /A (i das e L 3 Sl eslizu
355 53 55 5l eslizal Ol (8 n VA o a8
310l je o3lizul s NaCl ¢SS 1o 5 4 i Olows
e S Sl J 3 i edalieNaClHK,SO,
Do 3550 53 (0,8 (ko 1/41) 2153 1 eslizul Ol e
38 e +/F9) e oy 2aS 5 K804 &S0 1 54 3
Gl Kok s lie .4 Jdor) LT CwssNaCl s 187
o3laiul Ol 5ee (6 ol fuwilyy (2L oS s o0 OLES 5
S 35 (Kt D i ) 5 Bl el 5 S
VYY) U3 3 eslimal Ol o 5L AL o O gline
S 5 o oalin oo (5 ! oy 53 (p 5
4 Jeily 55 (oS (oo +/FY) L3 Sl eslizd O e
o=l 93 s Sl KpSO4 s NaCl 1 il s oslizul
Shesliul Ol e (i sdalie 55 Ol ) Calbes slags S
PY talS b Calises (gla iy 53 50 Olow 5 53 plst3
Sl o 3 ol ey 0,8 (o /58 4 V/YY Sl
05 koo VIFF 513 jlaslizad Ol e 50,3 Ol 5 53 oS
&S oy =8 ity 53 08 a1 /YD 4 o il 3

(A Jsd) 550l e Gheo ;3 VO 2alST L

DOI: 10.22034/1jsst.2019.109228.1056

\Y#

SOl S L plad po a5 el (658 AT
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o apalS Wi, 2l (Jamil ef al., 2006) 45"
i &S o LS s (g3 90 (5558 A5
YL (slsmme 5 el Clad J2alS” S s S uil e
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Ceb Cand s opl 5 Sl 55 2 alS 0T fool>
oo ameal iy Al o ) e OB 3 gikons

.(Mehrabi et al., 2007) s s o 25 Ll %
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Table 11- comparison mean of effects species and concentration on the vigor index and reserves efficiency seed Basil

s 8 bl B3 005 23 Syl Jab Lasls
species concentration SRUR FMOB Length vigour index

0 1.22a 0.74c 1.91b

s Ol -3 0.76b 0.97bc 0.68c
Purple basil -6 0.78b 1.05bc 0.97bc
-9 0.69bc 1.12bc 0.64c

0 1.44a 0.56¢ 9.60a

08 Olow -3 0.53b-d 3.14a 1.23bc
Red basil -6 0.46cd 2.83ab 0.52¢
-9 0.35d 4.26a 0.47c

Performance of reserves = G. Seed

S s S = s Gl

..Lajébcja.u):LSD oy)'TL_;)\;_s;M_')}b‘-\:ﬁ}u:owc),w.«a,f

Different letters indicate a significant difference between the LSD tests at 5% level.
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Table 12- Comparison mean of effects of Species in salt in concentration on the Seedling growth and seed
vigor indrx of seed Basil.

5 S bl PN O SR 253 g S gy Larle
Species Salt Concentration Dry weight seedling FMOB Weight vigour index

0 0.77bc 1.92cd 0.74bc

oo S 3 0.62f-h 0.79f-i 0.55g-]

NaCl -6 0.78bc 0.91e-h 0.65de

-9 0.66d-g 1.05e-g 0.55g-j

0 0.77bc 1.92cd 0.74bc
ey S g -3 0.71c-e 0.62f-k 0.61e-g

5 G K,SO, -6 0.64e-g 0.43h-k 0.56g-i
L 9 0.66d-g 0.48g-k 0.54h-j
1} = 0 0.77bc 1.92cd 0.74bc
£ el Slperede n S 3 0.73b-d 0.56f-k 0.6le-g
NaCl+ K,SO, -6 0.60g-i 0.44h-k 0.52h-j

9 0.73b-d 0.51fk 0.65de

0 0.77bc 1.92cd 0.73bc
Jssle 3 0.68d-f 0.73-k 0.61le-g

Manitol -6 0.77bc 2.08c 0.69cd

9 0.46jk 0.52fk 0.421

0 0.80b 0.60f-k 0.74bc

b N -3 0.55hi 0.13k 0.43kl
NaCl -6 0.80b 0.21i-k 0.64d-f

9 0.69d-f 0.08k 0.50ij

0 0.80b 0.60f-k 0.73bc

ety S 3 0.53ij 1.71cd 0.421

5= K,SO, -6 1.0a 1.10ef 0.78b
3 = -9 0.69d-f 1.48de 0.52h-j
S 0 0.79b 9.60a 0.72bc
ARG JURSR 3 1.60a 0.19k 1.009a
NaCl+ K2S04 -6 0.71c-e 0.23i-k 0.64d-f
9 0.68d-f 0.15jk 0.58f-h

0 0.79b 9.60a 0.75bc

Jgsle 3 0.60g-i 2.91b 0.49jk

Manitol -6 0.70bc 2.00c 0.61cd

9 0.44k 0.18k 0.29m

Dry weight = gr, Performance of reserves = g. Seed

e S 03 8w pbd LIS (8 = e 05

RWEREYA CEMJ:LSD Oan 3T (6la gma oDl 5 g g s OLaS o plize o

Different letters indicate a significant difference between the LSD tests at 5% level.
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